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Abstract 
Morphological, physiological and biochemical responses of soybean were investigated under influence of water 

deficit and spider mites, imposed during seed filling stage. The pot experiment was conducted under greenhouse 

conditions and included 3 factors: factor A - mode of irrigation (water deficit and irrigation), factor B - mites 

(presence or absence of mites) and factor C - imidacloprid (with and without imidacloprid treatment). Imidacloprid 

was used due to its protective effect in conditions of abiotic and biotic stress. The results showed that the interaction 

of the stress factors led to a reduction in the leaf area (46.7%), relative water content (17.9%), total content of 

photosynthetic pigments (39.8%) and to an increase in density of leaf trichomes (23.1%) and content of water-

soluble sugars (128.6%). Soybean aboveground biomass was characterized by reduced protein content (by 17.6%) 

and in vitro digestibility of dry matter (7.2%) and slightly increased synthesis of NDF, ADF and cellulose. Negative 

consequences of the mites in conditions of both modes of irrigation (+ WD, -WD) showed that they are more 

pronounced under water deficit than in irrigation regarding plant leaf area, total pigments and biomass protein 

conten. Treatment with imidacloprid had a positive effect on the stressed plants (+ WD + M + I). It favored the 

synthesis of water-soluble sugars, leaf pigments and basic parameters such as CP, CF and NDF in the soybean 

biomass as well as increased the size of leaf area. In future, more investigations are needed to study the effect and 

the possibility to use different substances to minimize the consequences of biotic and abiotic stress. 
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1. Introduction 
Water stress, more than any other environmental factor, strongly influences plant growth and development, and 

decreases productivity and performances of the crops [1]. According to Cia, et al. [2], it is the major yield‐limiting 

factor of crop plants and has the ability to decrease 50% of yield in the most major crops [3]. Specific responses of 

the plant to water deficit are determined by the amount and ratio of water loss, duration of water stress and the stage 

of development of crop [4]. 

Soybean (Glycine max (L.) Merrill) is a globally important commercial crop, grown mainly for its protein, oil 

and nutraceutical contents. The seeds of this legume contain 40% protein and 20% oil. Each year soybean provides 

more protein and vegetable oil than any other cultivated crop in the world [5]. It is important and traditionally grown 

in Bulgaria. Racz [6], determined it as a moisture-demanding crop for which is established a significant decrease in 

yield during periods with unbalanced rainfall and a lack of moisture. Soybean is particularly sensitive to the moisture 

lack during the blooming process (growth stages R1 and R2) and during the legume and seed growing process 

(growth stages R3 – R6) [7]. Mederski, et al. [8], claims that water stress during the blooming process (growth 

stages R1 and R2) and legume growing process (growth stages R3 and R4) is a factor responsible for a flower and 

legume abortion while the stress during seed growing process (growth stages R5 and R6) leads to a reduction in the 

seed size. 

Spider mites are serious pests of soybean and cause a signicant yield loss. Hot and dry weather favors 

reproduction and survival of this pest because this type of weather is unfavorable for pathogenic fungi (Neozygites), 

a primary biological control agent that keeps spider mite populations at subeconomic levels [9]. Under stress (biotic 

or abiotic) conditions, the plants present a series of changes in their morphology, physiology and biochemistry, 

negatively affecting their growth and productivity [10-14]. Only a few of the studies considered the interactions 

between one of the main pests – spider mites and crops' water regime [15-18]. The knowledge about the influence of 

water deficit on important characteristics of the nutritive value of legumes are also limited [19]. 

Studies of some researchers in recent years were encouraging and showed that some compounds – jasmonic acid 

[20], methyl jasmonate [21, 22] – can improve the growth and manifestations of plants under abiotic stress. In 

conditions of a field trial [23], established that another chemical compound (imidacloprid) had protective action 

under abiotic and biotic stress. After imidacloprid application in terms of drought stress, plants (barley, pepper) 

improved their growth and productivity. 

With this experiment, we aimed to investigate the response of soybeans to water deficit and spider mites attack, 

as well as the possibility of reducing the negative effects of the stress through treatment with imidacloprid. 
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2. Materials and Methods 
The pot experiment was conducted under greenhouse conditions in the Institute of Forage Crops during the 

period 2011-2012. The pots used were type Wagner as in each one 4 soybean plants (variety Richy) were grown. 

Various manifestations (morphological, physiological and biochemical) were observed under the impact of the 

following factors: factor A - mode of irrigation (water deficit and irrigation), factor B - mites (presence or absence of 

mites) and factor C - imidacloprid (with and without treatment with imidacloprid). All plants received an equal 

amount of water to maintain optimum soil moisture by the end of phase R5 [24]. After this phase, a 10-day water 

deficit was imposed by reducing 1/2 of irrigation rate. The optimum soil moisture was restored after the 10-day 

drought, as some of the variants were treated with imidacloprid (150 g/ha). 

Spider mites (Tetranychus atlanticus Mc Gregor) on soybeans appeared at stage R1 (1.0 mobile forms/leaflet) 

and their population density remained low until the end of stage R4. During the stage R5, the mite density increased, 

reaching to 69 mobile forms. From the imposition of water stress (the end of stage R5) to its termination, population 

density in variants with mite attack was respectively 124 mobile forms/leaflet in conditions of water deficit and 65 

mobile forms/leaflet in irrigation conditions. 

The experimental variants were 8, as each variant was in 11 replications: 

+ WD + М + I: water deficit, mites, imidacloprid treatment 

+ WD – М + I: water deficit, without mites, imidacloprid treatment 

+ WD + M – I: water deficit, mites, without imidacloprid treatment 

+ WD – M – I: water deficit, without mites, without imidacloprid treatment 

- WD + М + I: irrigation regime, mites, imidacloprid treatment 

- WD – М + I: irrigation regime, without mites, imidacloprid treatment 

- WD + M – I: irrigation regime, mites, without imidacloprid treatment 

- WD – M – I: irrigation regime, without mites, without imidacloprid treatment 

In the variants without mite infestation was used an acaricide.The calculated coefficient of stress intensity (D), 

according to the formula of Fischer and Maurer [25] based on the imposed water deficit and the mite attack in the 

present experiment had a mean value (D = 0.55). 

Relative water content method of Barrs and Weatherley [26], and content of water soluble sugars  [27] in the 

leaves of soybean plants were determined 7 days after the restoration of the irrigation regime and imidacloprid 

treatment, and content of plastid pigments (method of Zelenskiy and Mogileva [28], – 10 days after the recovery of 

irrigation regime and treatment with imidacloprid. These determinations were measured on the third mainstem leaf 

below apex. The size of leaf area (cm2 plant-1) (the method of Sinyakova and Ivanova [29], and the leaf trichome 

density (number cm-2) were recorded at the end of growth stage R6. To determine the leaf trichome density in the 

eight variants were used the latest fully developed leaves in the mainstem of soybeans, randomly selected from 11 

plants. Measurements were made with binocular Amplival, on the upper and lower surfaces of the leaves, and the 

data were averaged. 

The principal chemical composition of the aboveground biomass of soybean plants was determined at the end of 

stage R6. The general composition was determined as crude protein (CP) by Kjeldal method and crude fiber (CF) by 

Weende system [30]. The plant cell walls components content was determined as Neutral detergent fiber (NDF), 

Acid detergent fiber (ADF) and Acid detergent lignin (ADL). Cellulose as cell wall component, contained in fiber 

fraction, was presented as follows: Cellulose = ADF - ADL. The degree of lignification was presented as relation of 

ADL and NDF / 100. Enzymatic in vitro digestibility of dry matter (IVDMD, %) was performed by two stage 

pepsin-cellulase method of Aufrere [31]. 

Statistical data processing was conducted by the Software Statgraphics Plus. 

 

3. Results 
The main factors which were the subject of this study, mode of irrigation and mites, affected some 

morphological (leaf trichomes, leaf area) and physiological parameters (relative water content, content of water 

soluble sugars) of soybean plants (Table 1).The trichomes density (number cm-2) of the soybean leaf surface was 

averagely 373 and their number in conditions of water deficit (+ WD - M - I) was 30.9% statistically significant 

greater compared to the same under irrigation (- WD - M - I). The influence of mites on this indicator was 

significantly weaker and was determined by the mode of irrigation: under water deficit the difference in density of 

leaf trichomes in terms of presence and absence of mites was more substantial, albeit non-significant (respectively 

394 and 419 number cm-2), while in irrigation conditions this difference was negligible (317 and 320 number cm-2). 

The soybean leaf area was considerably affected by water stress and mites. The reduction under the self-action 

of water stress (+ WD - M - I) and mites (- WD + M - I) was respectively 23.3 and 12.4% compared to the relevant 

control variation (- WD - M - I), while the interaction of both factors had a cumulative effect and led to a sharp 

decrease of 46.7%. On the other hand, the decrease in the leaf area size under the action of mites in water deficit 

conditions had a considerably higher value – 30.5% (variants + WD + M - I and + WD -M - I) than the reduction in 

irrigation – 12.4% (variants - WD + M - I and - WD - M - I). Imidacloprid treatment with had a positive effect on 

this indicator and to some extent compensated the adverse effects of the imposed two types of stress, increasing leaf 

area by 10.6%. In conditions of the absence of mites and under  irrigation (- WD - M + I) the increase was 15.1% as 

compared to the corresponding variant (- WD - M - I). 

The method of Barrs and Weatherley [26], for determining the RWC assesses the water content of the leaf tissue 

as compared with the maximum water content that can be maintained at full turgor. This indicator is a measure of 

water deficiency in the leaves.The lowest RWC was characteristic for the leaves which were imposed of water stress 

file:///E:/WAQAS%20OFFICE%20WORK/DESKTOP/PRODUCTION/SUMARINZ/1%20ORIGNAL/7-22-2019/final%20cheak/0038-SJAV/Table_1
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× mites interaction (+ WD + M - I), whose value was slightly higher than the value at the wilting. The decrease 

compared to the corresponding variant under irrigation and without mites was 17.9% (- WD - M - I). Plant leaves in 

all variants under irrigation had a higher RWC (average 93.10%) than those under water deficit (84.45%), which 

determined their greater water keeping ability. Similarly, the plant leaves grown in the absence of mites, irrespective 

of the regime of irrigation, also maintained higher values of RWC (92.26%) in comparison with the mite-stressed 

plants (85.29%). The increase in RWC of soybeans after imidacloprid treatment in conditions of water deficit and 

mites (+ WD + M + I) was relatively low (6.4%) and statistically insignificant. 

The content of water soluble sugars in the soybean leaves showed substantial variation between variants in the 

ranges of 0.70 (- WD - M - I; - WD - M + I) to 2.50 (+ WD + М + I). Very well expressed and significant was the 

impact of both factors, water deficit and mites under whose influence the soluble sugar content tended to increase, 

respectively, with 128.6 and 100.0%. Effect and increase after imidacloprid treatment in the content of soluble 

sugars in plants under the combined influence of water deficit and mites (+ WD + M + I) was established compared 

to the control variant (+ WD + M - I). 

Population density of spider mites in variants +WD+М+I, +WD+M-I, -WD+М+I and 

 -WD+M-I, traced during 20 days after termination of the water deficit and imidacloprid treatment varied in 

relatively wide limits and had mean values of 20.14 to 45.90 mobile forms per 10 cm2 leaf area (Fig. 1). It was 

obvious a higher density of mites in conditions of water deficit than in irrigation (with 78.1%) and manifested 

acaricide action of imidacloprid. After using imidacloprid, number of mites decreased by 34.0 and 11.0%, 

respectively, in water stress and irrigation. The spider mites density was in negative correlation with the leaf area 

size (r = -0.888) and the relative water content (r = -0.983), and positively correlated with the leaf trichome density - 

(r = 0.820). 

Soybean plants, subjected to the impact of water stress and mites, showed changes in the content of leaf 

photosynthetic pigments (Table 2). In comparing between the effect of both factors on the total pigment content it 

was found that the water stress (in absence of mites and imidakloprid treatment) decreased the total pigment content 

by 23.2% while the presence of mites (in absence of water stress and imidacloprid treatment) - by 19.0%. The effect 

of double stress (water deficit, mites without imidacloprid treatment) was almost twice as high and the decrease in 

the total content of pigments was 39.8%. It should be noted that the highest sensitivity to the impact of the two 

factors (water deficit and mites) manifested chlorophyll a, followed by chlorophyll b and carotenoids (a reduction of 

respectively 41.0, 39.3 and 35.8%). The negative consequences of the mites infestation under water deficit on the 

total pigments content were more pronounced than under irrigation conditions which is logical and understandable, 

given the high density of mites in these variants. A positive effect from the use of imidacloprid and an increase in the 

content of total pigments was observed only in plants which undergo water deficit while under irrigation such effect 

was not found. 

The forage quality is an important feature of leguminous fodder crops. The chemical composition of 

aboveground biomass of soybeans (Table 3) during seed filling showed little variation in terms of the content of 

crude protein and crude fiber. Plants of all variants in water deficit conditions formed a biomass with a lower protein 

content (average of 153.08 g kg-1 DM) in comparison with the plants under irrigation conditions (average of 172.95 

g kg-1 DM). The interaction water deficit and mites ( + WD + M - I) decreased the protein content to the greatest 

extent (by 17.6%). In conditions of water deficit, soybean plants exhibited much greater sensitivity to the presence of 

mites in comparison with the plants under irrigation, as in the first case the protein content was decreased by 15.5%, 

and in the second case was recorded a slight increase. Unlike the crude protein content, the changes in the content of 

carbohydrates under influence of studied stress factors were less pronounced but followed the same trend of 

decrease. The accumulation of crude fiber, NDF, ADF and cellulose was decreased respectively by 0.4, 4.7, 0.9 and 

8.0%. The degree of lignification was negatively influenced by the regime of irrigation and mites as both factors 

contribute to it increasing. In vitro dry matter digestibility, as the main indicator of the quality of the feed from the 

standpoint of animal nutrition varied between 63.76 - 67.32% under water deficit and from 66.50 to 69.87% under 

irrigation, with decline under the influence the stress factors by 7.2%. The treatment with imidacloprid favored the 

synthesis of basic parameters such as CP, CF and NDF, increasing their content, respectively with 11.0, 10.5 and 

4.2% for the plants in stress conditions (+ WD + M + I) as compared to plants from variant + WD + M - I, but did 

not affect the digestibility of soybean biomass. 

 

4. Discussion 
Although the plant growth under water stress is reduced overall, it is well-known that plants have a suite of 

morphological and physiological adaptations that allow them to survive under water stress. The degree of adaptation 

to drought may vary considerably between species [32]. In our conditions, the newly formed leaves of plants in all 

variants with imposed water deficit are distinguished with increased trichome density (averagely 421 number cm-2) 

as compared to plants grown under irrigation (averagely 325 number cm-2). The increase in leaf hair density 

observed in water stressed plants agrees with the results obtained in wheat by Quarrie and Jones [33], in Lotus 

creticus by Bañon, et al. [34], and in other species by Stancheva [35]. Some authors have suggested that the leaf 

hairs may improve leaf water status by entrapping and retaining surface water, thus, assisting in its final absorption 

into the mesophyll, or reducing water loss by increasing the resistance of the boundary layer [36]. In the opinion of 

other researchers [37] there is a negative correlation between the trichome density and environments with low water 

content. According to Hameed, et al. [38], the varietal identity is of the essence in this case. 

Leaf area development is an important factor in crop production because it affects the amount of radiation 

intercepted and, therefore, plant growth [39]. According to Santos and Carlesso [40], the most prominent responses 

file:///E:/WAQAS%20OFFICE%20WORK/DESKTOP/PRODUCTION/SUMARINZ/1%20ORIGNAL/7-22-2019/final%20cheak/0038-SJAV/Table_2
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of plants to water deficits in terms of morphological processes are decreases in leaf area and acceleration of the 

senescence and abscission of leaves. The reduction in leaf area as a result of deficit irrigation has been considered an 

avoidance mechanism, which permits minimising water losses [32]. Many researchers have reported about strongly 

affected leaf area in soybean varieties due to water deficit by indicating different values. Catuchi, et al. [41], have 

observed a reduction of approximately 40% of leaf area per plant compared to control plants under water deficits 

induced at the V4 stage [42], – 79% reduction after deficit in irrigation regime at the V4 stage [43], – 60% decreased 

leaf area after water deficit induced 21 days after emergence. In addition [42], stated that the decrease in leaf area in 

water-stressed plants was due to both senescence and abscission of lower leaves and reduced leaf emergence and 

expansion. The consequences of water stress are determined mainly by the stage in which is induced, and its 

intensity. The water deficit in our study was introduced at a later stage so that the effect was expressed to a lesser 

extent. Regarding the second factor (mites) deserves to be discussed the different reduction of leaf area in both 

modes of irrigation. Due to the higher density of mites in water deficit, the reduction in these conditions was more 

pronounced. The reasons why mites prefer water-stressed plants are many (strengthened synthesis of nitrogen 

compounds and sugars, increased the temperature of leaf surface) and as a whole promote their nutrition, 

development, and reproduction [44-47]. The stimulatory effect of imidacloprid in relation to the leaf surface, 

observed in the present experiment was in confirmation of the studies of Thielert [23]. The author found a significant 

leaf area growth following imidacloprid application after short-term drought stress. 

According to Jaleel, et al. [48], water stress is characterized by reductions in leaf water potential, RWC and loss 

of turgor, which decreases stomatal conductance and cellular expansion, consequently constraining plant growth. 

Severe water stress can result in impairment of photosynthesis, metabolic disorders and ultimately death of the plant. 

In addition, other factors, such as pathogen attacks, may also contribute to differences in the amount of water in 

plants by interfering with their development and reducing their productivity [49]. The measurement of RWC in 

leaves of soybean variety Richy, 7 days after recovery of the irrigation regime, showed lower values in comparison 

with those that were not subjected to water deficit. It is evident that despite recovering irrigation regime, they cannot 

reach values before stress introducing, which, according to some authors [50, 51] is due to some structural changes 

occurring in the plants, ensuring adaptation to drought. Our data are consistent with the results of Jie, et al. [52], who 

observed changes in the RWC in different varieties of Boehmeria Jacq. in conditions of 10-day water deficit. The 

authors found that 15 days following the cessation of water deficit and rewatering, the relative water content in all 

varieties was lower compared to unstressed control plants. The changes in RWC under the mite influence are mainly 

related to the process of feeding, in which  the leaf epidermis and cuticle are hurt. The damaged leaves transpire 

more water compared to the intact leaves, reducing in this way their water potential [53]. Our results showed that the 

decrease in RWC as a result of the mite feeding was more strongly expressed under water deficit (10.6%) than under 

irrigation (6.9%). The same dependence was established by Sadras, et al. [18], in similar experiment with soybean in 

conditions of water deficit and infestation by Tetranychus urticae Koch. For diminished RWC in different crops due 

to water deficit or mite attacks reported [54]. Haile and Higley [9], and [55]. 

Carbohydrate mechanism is very sensitive to changes in plant water status [56]. Increased sugar levels in the 

plant leaves during drought conditions are established by many researchers [57-59]. According to Chaves, et al. [60], 

they are result of regulation of the synthesis and translocation of sucrose, contributing to osmotic adjustment and 

enabling the maintenance of turgor in meristematic regions. These responses lead to restoration of cellular 

homeostasis, which increasing plant survival under stress. As a result of mite feeding [10, 11, 53] observed an 

increase in plant water stress and accumulation of soluble leaf sugars which play a part in enhancing mite 

reproduction. Probably this sugar accumulation helps mite-injured leaves to maintain cell turgor pressure through an 

osmotic adjustment. Increased sugar levels after mite or insect attacks also have been reported by Hildebrand, et al. 

[61], Wheeler [62], Sailaja, et al. [63], and Tomczyk [64]. Higher sugar content as a result of imidacloprid treatment 

was found in both irrigation regimes (water deficit and irrigation) but only in the mite presence, as the difference 

between the treated and untreated variant was more pronounced under water deficit (increment by 7.1 and 56.3 % 

respectively under irrigation and water deficit). After foliar application of another plant growth regulator (methyl 

jasmonate) in soybeans under water deficit [22] observed accumulation of total soluble sugars (as compared to 

control plants), leading to improved resistance against water stress. 

The total pigment content (chlorophyll a, chlorophyll b and carotenoids) was affected negatively by stress 

conditions in our experiment. Brevedan and Egli [65], indicated that the water stress accelerates strongly the 

senescence of leaves which was confirmed from the rapid decrease in the content of leaf pigments. The dependence 

was found in cotton [66], lupine  [67], wheat [57] and other crops. The decrease in chlorophyll content under water 

stress is a commonly observed phenomenon [68]. It might be due to reduced synthesis of the main chlorophyll 

pigment complexes [69] or destruction of chiral macro-aggregates of light harvesting chlorophyll ‘a’ or ‘b’ pigment 

protein complexes which protect the photosynthetic apparatus [70] or due to oxidative damage of chloroplast lipids, 

pigments and proteins [71]. Spider mites also reduced the pigment content of soybean leaves as the reduction was 

influenced to some extent by the irrigation regime. They caused a greater reduction in water-stressed plants (21.6%) 

than in water-unstressed plants (18.9%). Several other studies have also demonstrated the adverse impacts of spider 

mite injuries to plants, which include reduced chlorophyll content [9, 11, 72]. The interaction water deficit × mites 

caused a significant reduction in the total pigment content as well as the individual components (chlorophyll a, 

chlorophyll b and carotenoids). The greater decrease in chlorophyll a content, observed during the study, was due to 

a higher sensitivity of this pigment to stress factors. In the least extent drought affected the content of carotenoids, 

which may be explained by their biological role to protect the chlorophyll from photooxidation under stress 

conditions [73]. The increase in the content of chlorophyll as well as RWC in soybean leaves after the restoration of 
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irrigation regime and imidacloprid treatment are in accordance with the results of Han, et al. [74], observed in 

tobacco and pepper. The authors considered that imidacloprid protects plants, inducing in them tolerance to drought. 

According to Emam, et al. [75], carbohydrates that represent ones of the main constituents of the dry matter are 

affected by drought stress terms. The NDF concentration gives an estimation of the structural part of the plant 

material (cellulose, hemicellulose and lignin) and is inversely related to the voluntary fodder intake. Acid detergent 

fibre include lignin and cellulose, and correlate negatively with cell wall digestibility [76]. 

Under conditions of drought stress [77], found reduced NDF and ADF concentrations in different forage 

legumes, but inconsistent changes in CP concentrations. The present results indicated that stress conditions 

decreased the content of CP, and to a lesser extent – the content of NDF, ADF and cellulose. The CP concentration 

in plant tissues was a result of N uptake and the development of biomass in time which was greatly determined by 

water availability [19]. Nakayama, et al. [58], found an impaired N uptake in soybean under drought. This explains 

why the CP concentration in the stress conditions was smaller than the corresponding concentrations in the control 

treatment. Küchenmeister, et al. [19], have established that drought effects on NDF (including cellulose, 

hemicellulose and lignin) were stronger than for ADF (including cellulose and lignin), which was confirmed in the 

present study. It might be explained by the fact that the hemicellulose concentration, as a part of NDF, was more 

affected by drought than cellulose and lignin [19]. Additionally, the ADF concentration in most legumes was 

approximately 100 g kg-1 lower than that of NDF [78] which was also established in our experiment (Table 3). A 

lower fibre concentration may lead to a higher herbage intake by the animals [78]. 

Mite stress also altered the nutritional status of the host plant and tended to decrease in leaf nitrogen content 

[79], NDF and ADF [80], total plant nitrogen and plant water content [81]. Generally, the decrease observed in main 

indicators of soybean chemical composition was accompanied by an increment of the lignification degree (by 6.9% 

under influence of WD and by 8.7% in mite presence) and a decrease of the in vitro digestibility (by 6.5 and 2.4% 

respectively). Such results were supported by Taiz and Zeiger [82]. The established in the course of the study 

enhanced synthesis of crude protein and leafy pigments in the soybean biomass after imidacloprid treatment was in 

line with our previous studies in winter vetch [83]. 

In terms of this experiment, the water deficit has a stronger influence on the morphological, physiological and 

some biochemical performances of soybeans, compared to spider mite infestation. The results of imidacloprid 

treatment were promising, but insufficient, and can probably be improved by its use in earlier stages of plant 

development and several time applications. In future, more investigations are needed to study the effect and the 

possibility to use different substances to minimize the consequences of biotic and abiotic stress. 

 

5. Conclusions 
Spider mites (Tetranychus atlanticus) and water deficit, imposed during seed filling stage, cause a number of 

morphological, physiological and biochemical responses in soybeans. Under the conditions of this experiment, the 

interaction of the stress factors led to a reduction in the leaf area (46.7%), relative water content (17.9%), total 

content of photosynthetic pigments (39.8%) and to an increase in density of leaf trichomes (23.1%) and content of 

water-soluble sugars (128.6%). Soybean aboveground biomass was characterized by reduced protein content (by 

17.6%) and in vitro digestibility of dry matter (7.2%) and slightly increased synthesis of NDF, ADF and cellulose. 

Negative consequences of the mites in conditions of both modes of irrigation (+ WD, -WD) showed that they 

are more pronounced under water deficit than in irrigation regarding plant leaf area, total pigments and biomass 

protein conten. 

Treatment with imidacloprid had a positive effect on the stressed plants (+ WD + M + I). It favored the 

synthesis of water-soluble sugars, leaf pigments and basic parameters such as CP, CF and NDF in the soybean 

biomass as well as increased the size of leaf area. 

 
Table-1. Leaf trichome density, leaf area, relative water content and water soluble sugars in soybean under conditions of water deficit and mite 
attack, 2011-2012 

Variants Leaf Trichomes    

Number, cm-2 Leaf area    

Cm2 plant-1 Relative    

Water content, 

% 

Water    

Soluble 

sugars,% 

    

+WD+M+I 393 b* 531.94 a 83.64 ab 2.50 d 

+WD-M+I 478 c 751.89 bc 87.64 bc 1.60 bc 

+WD+M-I 394 b 480.87 a 78.59 a 1.60 bc 

+WD-M-I 419 b 692.12 b 87.91 bc 160. c 

-WD+M+I 329 a 872.91 cd 89.80 c 1.50 bc 

-WD-M+I 332 a 1037.80 e 97.73 d 0.70 a 

-WD+M-I 317 a 790.19 bcd 89.12 c 1.40 b 

-WD-M-I 320 a 901.95 de 95.75 d 0.70 a 

LSD0.015% 53.84 140.25 5.30 0.223 
*Values within a column followed by the same letters are not significantly different 
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Figure-1. Density of spider mites in soybean under conditions of water stress and irrigation 

 
  

Table-2. Content of leaf pigments in soybean, mg/100 g fresh mass, 2011-2012 

Variants Chlorophyll a Chlorophyll b Carotenoids total 

+WD+M+I 7.200 2.808 1.714 11.721 

+WD-M+I 8.214 3.243 2.062 13.518 

+WD+M-I 5.732 2.431 1.366 9.529 

+WD-M-I 6.840 3.433 1.888 12.161 

-WD+M+I 5.868 2.498 1.460 9.825 

-WD-M+I 8.670 3.094 1.851 13.615 

-WD+M-I 7.487 3.430 1.913 12.830 

-WD-M-I 9.700 4.008 2.129 15.837 

 
Table-3. Chemical composition (g kg-1 DM), lignification and in vitro enzyme digestibility (%) of aboveground biomass of soybean, 2011-2012 

Variants CP CF NDF ADF ADL C Lighnif IVDMD 

+WD+M+I 153.0 282.9 437.8 421.6 63.5 358.01 14.50 63.76 

+WD-M+I 158.5 274.0 435.8 325.8 67.3 258.5 15.40 67.32 

+WD+M-I 137.8 256.0 420.2 340.3 89.3 251.0 21.20 65.38 

+WD-M-I 163.0 264.1 336.6 333.9 57.7 276.2 17.10 64.26 

-WD+M+I 170.6 247.6 575.9 338.1 67.7 270.4 11.80 66.50 

-WD-M+I 182.8 240.0 382.3 314.5 67.8 246.7 17.70 65.10 

-WD+M-I 171.2 266.6 410.8 352.2 71.6 280.6 17.40 67.09 

-WD-M-I 167.2 256.9 441.1 343.3 70.4 272.9 16.00 67.18 

CV 7.9 5.3 16.0 9.4 13.2 12.6 16.7 2.1 
CP – Crude protein, CF – Crude fiber, NDF – Neutral-detergent fiber, ADF – Acid-detergent fiber, ADL – Acid-detergent lignin, C – 
Cellulose, Lignif – Degree of lignification (coefficient, ADL/NDFx100), IVDMD – In vitro dry matter digestibility 
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